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Abstract - The development of efficient catalysts is 
crucial for various industrial processes, including 
petrochemical production, hydrogenation reactions, 
and environmental remediation. Nickel-based 
catalysts have garnered significant attention due to 
their exceptional catalytic properties, cost-
effectiveness, and wide applicability. In recent years, 
wet impregnation has emerged as a promising method 
for synthesizing nickel-based catalysts with enhanced 
performance and stability. 
This abstract aims to provide a comprehensive 
overview of the inception of wet impregnation as a 
preferred technique for preparing nickel-based 
catalysts. It highlights the fundamental principles and 
mechanisms involved in the wet impregnation process, 
emphasizing the critical factors influencing catalyst 
performance, such as precursor selection, 
impregnation solvent, impregnation methods, and 
post-impregnation treatments. 
Wet impregnation involves the deposition of 
catalytically active species onto a support material 
through the utilization of a liquid phase. The process 
begins with the selection of a suitable nickel precursor, 
which plays a pivotal role in determining the final 
catalyst properties. Various nickel salts, such as nickel 
nitrate, nickel acetate, or nickel chloride, have been 
employed as precursors, each offering unique 
advantages and challenges. 
The choice of impregnation solvent is another crucial 
aspect that affects the catalyst's physicochemical 
properties. Solvents like water, alcohols, or organic 
acids are commonly used, and their selection depends 
on factors such as precursor solubility, stability, and 
environmental considerations. 
Different impregnation methods, including incipient 
wetness impregnation, pore filling impregnation, and 
vacuum impregnation, have been explored to achieve 
uniform distribution of the active species on the 
support material. The impregnation process 
parameters, such as impregnation time, temperature, 
and pH, are carefully optimized to control the loading 
and dispersion of the active phase. 
Post-impregnation treatments, such as drying, 
calcination, and reduction, significantly influence the 
final catalyst properties, including surface area, 
crystallinity, and metal-support interactions. The 
choice and optimization of these treatments are 

critical to achieving desired catalytic performance and 
stability. 
The inception of wet impregnation as a method for 
nickel-based catalyst synthesis has enabled the 
tailoring of catalyst properties, such as particle size, 
surface area, and metal dispersion, to meet specific 
reaction requirements. Additionally, the versatility of 
wet impregnation allows the incorporation of various 
promoters or modifiers, further enhancing the 
catalyst's activity and selectivity. 
In conclusion, the inception of wet impregnation has 
revolutionized the synthesis of nickel-based catalysts, 
providing a flexible and efficient approach to engineer 
catalytic materials. By understanding the key factors 
influencing catalyst performance, this research 
exploits the potential of wet impregnation to design 
advanced nickel-based catalysts for diverse industrial 
applications. 
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1. INTRODUCTION 
 

Wet impregnation is a widely used technique in 
catalyst preparation, including the development of nickel-
based catalysts. It involves the deposition of catalytically 
active species onto a solid support material through the 
use of a liquid solution or suspension. 

Nickel-based catalysts are highly desirable in various 
industrial processes, such as hydrogenation, reforming, 
and ammonia synthesis. The wet impregnation method 
allows for precise control over the loading of active metal 
species onto the support material, leading to enhanced 
catalytic performance. 

The process of wet impregnation typically begins with 
the selection of a suitable support material. Commonly 
used supports include metal oxides like alumina (Al2O3), 
silica (SiO2), and titania (TiO2). These supports provide a 
high surface area and mechanical stability to the catalyst. 

The impregnation solution consists of a soluble nickel 
precursor, such as nickel nitrate or nickel chloride, 
dissolved in a suitable solvent. Other additives, such as 
stabilizers or promoters, may be included in the solution 
to enhance the catalytic properties or stability of the 
resulting catalyst. 
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The impregnation process involves immersing the 
support material in the impregnation solution, allowing 
the active metal species to diffuse into the porous 
structure of the support. The impregnation can be 
performed by either incipient wetness impregnation or 
conventional wet impregnation. 

In the case of incipient wetness impregnation, the 
support material is saturated with the impregnation 
solution without leaving any excess liquid. This ensures 
that the active metal species are loaded as uniformly as 
possible onto the support, maximizing the dispersion and 
minimizing the formation of metal clusters. 

After impregnation, the catalyst precursor-loaded 
support is dried to remove the solvent, typically by 
heating at moderate temperatures. Subsequently, the dried 
catalyst precursor is subjected to a calcination or 
reduction step, where it is heated under controlled 
conditions to convert the precursor into the desired active 
metal state, such as metallic nickel. 

The final catalyst obtained through wet impregnation 
exhibits high activity due to the uniform dispersion of the 
active metal species on the support material. The 
catalyst's performance can be further optimized through 
various post-impregnation treatments, such as reduction, 
sulfidation, or surface modification. 

In summary, wet impregnation is a versatile and 
effective method for preparing nickel-based catalysts. The 
incipient wetness impregnation variant ensures uniform 
loading of the active metal species onto the support, 
leading to improved catalytic performance in various 
industrial applications. 
 
 
2. OBJECTIVES 
 

The incipient wet impregnation (IWI) method is 
commonly used in catalyst preparation, including Nickel-
based catalysts. The primary objectives of employing the 
IWI technique for Nickel-based catalysts are as follows: 

 
2.1. Active metal dispersion 
 

The IWI method aims to achieve a high dispersion of 
the active metal, in this case, Nickel, on the catalyst 
support. The goal is to distribute the Nickel species 
evenly across the support surface, leading to increased 
accessibility of the active sites during catalytic reactions. 
 
2.2. High loading efficiency 
 

IWI allows for a controlled and precise deposition of 
the active metal onto the catalyst support. This method 
aims to achieve high loading efficiency, meaning that a 
significant amount of the Nickel precursor is successfully 
incorporated onto the support without excessive loss 
during the impregnation process. 
 
2.3. Catalyst stability 
 

Another objective of IWI is to enhance the stability 
and durability of the catalyst. By depositing Nickel 
species uniformly onto the support, the IWI method helps 
to prevent the agglomeration or sintering of the active 

metal particles during catalytic reactions, thereby 
maintaining the catalytic activity and extending the 
catalyst's lifespan. 
 
2.4. Controllable catalyst properties  
 

IWI offers control over various catalyst properties 
such as metal loading, particle size, and distribution. By 
adjusting the impregnation parameters, such as precursor 
concentration, impregnation time, and drying conditions, 
it is possible to tailor the catalyst properties to meet 
specific performance requirements. 
 
2.5. Improved catalytic activity and selectivity  
 

The primary objective of catalyst preparation, 
including IWI, is to enhance the catalytic activity and 
selectivity of the Nickel-based catalyst. By achieving a 
high dispersion of Nickel species, controlling the catalyst 
properties, and optimizing the metal-support interaction, 
the IWI method can contribute to improved catalytic 
performance, enabling desired reactions with high 
conversion rates and selectivity. 

Overall, the objectives of employing the incipient wet 
impregnation method for Nickel-based catalysts revolve 
around achieving high active metal dispersion, loading 
efficiency, catalyst stability, and controllable properties to 
enhance catalytic activity and selectivity. 
 
 
3. METHODOLOGY 
 
The incipient wet impregnation method is a common 
technique used to prepare supported catalysts, including 
nickel-based catalysts. This method involves the 
deposition of a metal precursor onto a support material, 
followed by subsequent reduction or activation steps to 
convert the precursor into the active catalytic species. 
Here is a general methodology for the incipient wet 
impregnation of nickel-based catalysts: 
 
3.1. Support material selection 
 
Choose a suitable support material based on the specific 
requirements of your catalytic application. Common 
support materials include alumina, silica, zeolites, and 
carbon. 
 
3.2. Pretreatment of the support material 
 
Prior to impregnation, it is important to pretreat the 
support material to remove any impurities or surface 
contaminants. This typically involves calcination or 
activation at elevated temperatures to enhance the surface 
area and remove moisture. 
 
3.3. Preparation of the metal precursor solution 
 

Dissolve a suitable nickel precursor, such as nickel 
nitrate or nickel chloride, in a solvent. The choice of 
solvent depends on the solubility of the precursor and 
compatibility with the support material. Common solvents 
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include water, ethanol, or a mixture of water and organic 
solvents. 
 
3.4. Impregnation process 
 

Add the calculated amount of the metal precursor 
solution to the support material while maintaining 
agitation or stirring to ensure uniform distribution. The 
volume of the precursor solution is determined based on 
the desired metal loading on the catalyst. 
 
3.5. Incipient wetness 
 

The term "incipient wetness" refers to the addition of 
just enough precursor solution to saturate the support 
material's pores without excess liquid. This helps to 
maximize the metal dispersion and minimize 
agglomeration. 

 
3.6. Drying 
 

After the impregnation step, remove the excess 
solvent by drying the impregnated material. This can be 
done by placing the impregnated support in an oven or 
using other drying techniques, such as freeze-drying or 
vacuum drying. 

 
3.7. Reduction/Activation 
 

To convert the metal precursor into the active catalyst, 
a reduction or activation step is typically performed. For 
nickel-based catalysts, reduction with hydrogen (H2) is 
commonly employed. The reduction step is carried out at 
elevated temperatures (e.g., 300-500°C) in a hydrogen 
atmosphere. 
 
3.8. Post-treatment (optional) 
 

Depending on the specific catalyst requirements, 
additional post-treatment steps may be necessary. These 
can include calcination, sulfidation, or other treatments to 
further enhance the catalyst's activity, selectivity, or 
stability. 
It's important to note that the exact details of the 
methodology may vary depending on the specific catalyst 
system and desired properties. Therefore, it is 
recommended to consult relevant literature, scientific 
articles, or expert guidance when performing the incipient 
wet impregnation of nickel-based catalysts to optimize the 
process for your specific needs. 
 
 
4. EXPERIMENTAL APPROACH 
 

Ni/SiO2 catalyst was prepared using the Incipient Wet 
Impregnation method (IWI) with NiO2 as the precursor 
and SiO2 as the support. SiO2 was procured from the 
commercial market, Before its application, SiO2 was 
added to CHCl3 solution and stirred for 2hours. washed 
until filtrate attained neutrality. SiO2 was recovered 
through centrifugation and dried over night. NiO2 was 
subjected to the same process. Recovered SiO2 support 
and NiO2 precusor were reintroduced into a stirring CHCl3 

solution targeting a precursor loading of 5wt% and stirred 
for 1hr. Ni/SiO2 was recovered through centrifugation and 
dried in a vacuum overnight. Recovered Ni/SiO2 was 
designated sample 1. Another sample prepared was 
calcinated at 350oC in a batch reactor. Both samples were 
subjected to characterization using XRD and FT-IR. The 
figure 1 illustrates the process of IWI. (Incipient Wet 
Impregnation Method). 
 

 
Fig. 1. Flowchart describing all stages of the incipient 

wet impregnation method of catalyst synthesis. 
 
 
5. CHARACTERIZATION OF CATALYST 
 
5.1. Stability and Re-usability Test 
 

The stability and re-usability Ni/SiO2 catalyst was 
determined in the production of biodiesel from waste oil 
to confirm the sustainability of the catalysts. Reaction was 
carried out in a batch reactor at 300oC and atmospheric 
pressure. For every sample recovered, resultant mixture 
was filtered to retrieve residual catalyst. Catalyst was 
dried and inspected for any mass gain due to carbon 
deposition or mass loss due to scintering or deactivation. 
The procedure was repeated four times. Note that catalyst 
was used after extraction from mixture after every cycle. 
Catalyst used for the first three runs displayed immense 
stability. 1, 2 and 3 denote catalytic runs, while value of 
oil conversion was defined in %. Oil conversion 
maintained a range of 72% to 86% from the 1st run to the 
3rd run over 60mins, displaying catalyst efficacy. A 
marginal increase was recorded in the 4th run after a drop 
in oil conversion in the 3rd cycle to 72%, this could be a 
momentary build up of carbon on the catalyst surface of 
impurities within the system. The increase in the 4th cylce 
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points at the latter. Catalyst displayed stability with 
minimal mass loss in catalyst over the four cycles also 
evident in the high percentage of oil conversion over 4 
runs.   
 
Table 1. Illustrating relationship between time, 
catalyst mass change and oil conversion 
Cycle Time 

(MINS).
Initial Mass 

(G). 
Final Mass 

(G). 
Oil Conversion  

(%). 
1 15 4.1 4.3 86 
2 30 4.3 4.2 81 
3 60 4.2 4.4 72 
4 90 4.0 4.7 75 
 

Fig. 2. Graph showing relationship between process 
time, mass change and oil conversion 

 
5.2. FT-IR 
 

FT-IR spectra was measured using a spectrometer 
equipped with an MCT deflector . Pattern recovered from 
spectra is displayed in fig 3 below. NiO2 and Ni/SiO2 
samples were subjected to FT-IR and investigated over a 
wavelength of 1000CM-1 to 3000CM-1. FT-IR images 
revealed a symmetric shift in NiO2 before and after 
impregnation on SiO2. Symmetric peaks are indicated by 
arrows on the image. 
 

 
Fig. 3. FT-IR analysis of NiO2 and Ni/SiO2 

 
5.3. XRD ANALYSIS 
 

X-Ray powder diffraction patterns of Ni/SiO2 
catalysts were obtained with an automated powder X-Ray 

diffractometer equipped with a computer for data 
acquisition and analysis. Original samples were used 
directly after calcination in air for 2hrs at 400oC. A 
second set of samples were reduced by passing H2 at 
60L/min-1 for 2hrs at 400oC prior to XRD analysis and 
cooled to room temperature in a hydrogen atmosphere. 
All the particles were grinded to fine powder in an agate 
mortar before XRD analysis. The Figure 4 was obtained 
after the analysis. 
 

 
Fig. 4. XRD patterns of Ni/SiO2 before and after 

reduction in H2 for 1 h 
 
 
6. RESULTS AND DISCUSSION 
 

The synergy between precusor and support in the 
Ni/SiO2 catalyst synthesized for the catalytic 
hydrodeoxygenation of biodiesel was evident as shown in 
Fig6.6.1 and 6.7.1 . A range of oil conversion from (72-
86)% is an indication of the suitability of Ni/SiO2 catalyst 
for the process. FT-IR spectra of Ni/SiO2 before 
calcination was illustrated in Fig- above. Centering of 
bands of NiO2 at 1683CM-1 and 1385CM-1 were 
synonymous with asymmetric and symmetric vibrations 
of Nitrate. After impregnation of NiO2 on SiO2 support, a 
cluster wavelength was indicated by the two bonds 
1693CM-1 and 1402CM-1 respectively. This shift is as a 
result of the interaction between the precursor and the 
support. Both patterns are represented by the patterns in 
the fig 6.6.1 above. 
 
6.1. XRD Analysis 
 

The crystalline structure of Ni/SO2 catalyst was 
investigated using XRD. Fig- represents the results. The 
XRD patterns of all samples exhibited broad peak around 
24o largely due to the presence of the SiO2 support. After 
calcination, the sample showed only the FCC-NiO phase 
with typical reflections of the (111) (200) (220) planes at 
39o 45o and 67o. The peaks assigned to NiO disappeared 
after reduction in H2 for 3hours. 3 other peaks were 
visible around 44o 55o 76o for Ni(111), Ni(200) and Ni 
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(220) planes. This indicates the transformation of NiO to 
metallic Ni after H2 reduction. 
 
6.2. Effects of Particle size of Ni Precursor 
 

The catalytic performance of Ni based catalysts is 
widely accepted and influenced by the crystalline size of 
metallic Nickel. Smaller Nickel particles provide more 
active sites for reactions to take place. Investigating the 
dependence of particle size on catalytic performance and 
efficiency Ni/SiO2 catalysts after 4 different time were 
taken and estimated with XRD. For all samples only Ni 
and amorphous SiO2 phases were detected by XRD, no 
NiO2 phase was found meaning no significant change in 
the Ni phase was found. Diffraction intensity of Nickel 
increased over reaction time. The crystalline size of 
Nickel in Ni/SiO2 catalyst as a function of reaction time 
was shown in fig 5 below. 
 

 
Fig. 5. Graph showing effects of reaction time on 

particle size 
 

The 30.0nm, 30.4nm, 31.2nm, 32.5nm, 33.5nm and 
34,6 after 0, 0.5h, 1.0h, 1.5h, 2.0h and 2.5h reaction time. 
The change in crystalline size was an indication of the 
catalytic activity of Ni/SiO2. Comprehensively, the 
characterization results, carbon was not detected on the 
spent catalyst suggesting no carbon deposition during the 
reaction, the only peak detected was that of the Ni, no 
other species such as NiO2 was detected, this concluded 
that the alteration and transformation of the Ni didn’t 
cause any deactivation of Ni/SiO2. The potent interaction 
displayed between Ni and SiO2 is a reason for the 
catalysts resistance to deactivation during the 
hydrodeoxygenation process.  
 
 
7. CONCLUSION 
 
Conclusively, Ni/SiO2 catalysts was prepared by (IWI) 
method for the the hydrodeoxygenation of biodiesel and 
characterized by X-Ray diffraction and FT-IR. Ni/SiO2 
was calcined at 350oC, cooled and reduced to metallic Ni 

by H2 reduction at the same temperature. Active Nickel 
particles of Ni/SiO2 were dispersed properly and 
positively interacted with SiO2, Scintering was non 
existent as a result of the positive interaction between 
precursor. SiO2 greatly reduced the probability of Ni 
particle migration due to its larger specific surface area 
and pores, hence the sustainability and suitability of the 
catalyst was established. 
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